Abstract: Non-invasive electroencephalogram (EEG) based Brain-Computer Interfaces (BCIs), which rely on event related desynchronization (ERD), are often affected by large fluctuations of their accuracy. We want to overcome this drawback by using simultaneous EEG and functional magnetic imaging (fMRI). The question we are addressing in this work is if ERD is still classifiable in EEG on a single trial basis after the removement of fMRI related artefacts. In a first single participant recording we found the classical ERD distribution and were able to compute a leave-one-out-cross-validation (LOOCV) accuracy of 78%, which is significantly higher than chance level.
Introduction
The simultaneous measure of the electroencephalogram (EEG) and functional magnetic resonance imaging (fMRI), is on the edge to make the breakthrough and to become a broader used neuroscience tool. EEG-fMRI offers the unique opportunity to measure two different brain activity related signals simultaneously. First, the electrical activity and second, the oxygen consumption of the brain. Although the relationship between these two brain signals is not clear yet, the bimodal view allows new insights into the brain functionality [1] . Brain-Computer Interfaces (BCIs) are devices which provide control signals out of brain activity signals. One common brain signal used for EEG based non-invase BCIs, is the event related desynchonization (ERD) of sensory motor rhythms (SMR). This desynchronization can be induced by the imagery of limb movements, called motor imagery (MI) [2] . Unfortunately this kind of BCIs are often unreliable. Reasons for that can be found in the data; noise and outliers, high dimensionality, time information, non-stationarity, poor signal-to-noise ratio (SNR) and small training-sets for the machine learning algorithms. We want to study the processes of MI by measuring EEG and fMRI simultaneously for future improvements of existing BCI systems. This work addresses the question if MI induced ERD is classifiable on a single trial basis in EEG measured with fMRI simultaneously.
Methods
Participant: The participant (male, 23 years old), a known good MI performer, was lying in the fMRI scanner and was looking at a screen via a mirror. He got instruction for MI by a paradigm similar to the classical Graz-BCI [3] . Exp. paradigm: At the start of each trial a white cross appeared. At second 3, a white arrow was added, indicating the kind of MI and removed after 1.25 s. Right hand and feet MIs were used in a randomized order. In this work we reported only the right hand imagery data. The participant was asked to perform sustained MI until the white cross disappeared (at second 10). Following there was a break (black screen) with a random length between 6 s and 8 s. We measured 5 runs with 10 right hand MI trials each, but we had to reject the last 2 runs due to movement artefacts. Finally, we got 30 trials of right hand MI for further analysis. Data acquisition: We used a "BrainCap-MR" electrode system by EasyCap (EASYCAP GmbH, Herrsching, Germany), which consists of 66 MRI compatible Ag/AgCl pin electrodes with safety resistors. One ground, one reference, one electrocardiogram (ECG) and 63 EEG electrodes. The EEG electrodes were rectangularly arranged with distances of 2.5 cm. The rectangular grid was centred on the 10-20 system positions C3, Cz and C4. The electrodes and the cables were fixed on the cap to prevent looping, which would be a safety risk because of eddy currents and therefore, heating. We recorded the EEG with a "BrainAmp MR" amplifier system, an fMRI compatible shielded EEG amplifier by BrainProducts (Brain Products GmbH, Gilching, Munich, Germany). The amplifiers and the batteries were positioned directly in the MRI scanner, in the near of the subject's head. Recording settings: Low pass filter at 1000 Hz, high pass filter at 0.1 Hz, sampling rate 5 kHz. The EEG recording was performed in a Siemens Skyra 3T (Siemens AG, Munich, Germany), during a fMRI echo planar imaging (EPI) sequence with a TR of 3000 ms. We used a head coil for sending and receiving. For this work we did not report the fMRI data. Data analysis: The simultaneous EEG-fMRI measurement is highly contaminated by two types of fMRI related artefacts. First, the gradient artefact due to gradient switching during the image acquisition and second, the cardiac related artefact, due to micro movements and blood speed changes in the high static magnetic field during a cardiac cycle [1] . For both artefact types, we used the template subtraction approach invented by Allen et al. [4] [5] and as implemented in the BrainVision Analyzer2 (Brain Products GmbH, Gilching, Munich, Germany) software. The event related desynchronization/synchronization (ERDS) time-frequency maps were computed according to [6] . We used two time segments of each trial's laplacian derivation at C3 for classification. One time segment (start t = 1 s, length 1 s) was during reference period and is called the rest condition. The other segment (start t = 4.5 s, length 1 s) was during the MI period and is called the MI condition. We calculated the absolute values of the segment's Fourier transformations and used two bands of the values as features for a linear discriminant analysis (LDA). First band (11-12 Hz) was in the mu band and second band (21-22 Hz) was in the beta band. To estimate a single trial classification accuracy, we used a leave-one-out-cross-validation (LOOCV). Fig. 1 B was calculated using data measured outside the scanner (90 trials). The results of the single trial classification showed that 78,33% of the samples were correctly classified in the LOOCV. Two rest condition samples and 11 MI condition samples were wrong classified. The chance level was 64,54% according to [7] .
Results

Discussion
The observed ERD patterns (Fig. 1 A) , one in the mu band (11-12 Hz) and one in the beta band (21-22 Hz), are similar to the patterns found in the measurement outside the fMRI scanner (Fig. 1 B) and are in line with other work [8] . Due to more trials the bands are more pronounced in Fig. 1 B. Our findings suggest, that the fMRI artefact correction algorithms can restore the underlying EEG and preserves the ERD phenomena, which is a requirement for a successful single trial MI classification. With these two pattern as features for an LDA, we computed an LOOCV accuracy of 78% which is significantly better than chance level (65%). In summary, ERD phenomena can be classified on single trial basis although when the raw EEG is contaminated with fMRI related artefacts.
